Introduction
ooth decay and periodontal disease are the most common infectious human diseases that are caused by oral bacteria such as Staphylococcus aureus, Micrococcus, Pseudomonas, Since the oral environment contains many bacterial species and the use of chemical drugs in the oral cavity is associated with complications such as changes in the natural flora, in this study, we investigated the effect of Satureja oil on some common oral bacteria.
Materials and Methods
This experimental study was performed on microbial strains provided from Iran Microbial Bank (including Enterococcus faecalis, Streptococcus sanguis, Eikenella corrodens, and Actinomyces viscose). Some fresh Satureja was obtained from the Research Center for Medicinal Plants of Shahid Beheshti University, and its essential oil by water distillation or Clevenger apparatus.
The disk diffusion method was used to determine microbial susceptibility to essential oil after preparation of microbial suspension at half McFarland concentration and its culturing as aqueous media on Muller-Hinton Agar medium. The blank disk was immersed in 20 µL of essential oil with concentrations of 1 g/mL and 0.1 g/mL on the culture medium and placed at a suitable distance from the plate incubated at 37°C for 48 hours. After the incubation period, the bacterial growth inhibition zone diameter was measured in millimeters. The experiment was repeated 3 times, and the mean results was reported.
The microplate dilution method was also used to determine the antimicrobial effect of the essential oil. Median inhibitory and lethal concentrations were also determined in this study. The microplate method was also used to evaluate the effect of essential oil on biofilm formation inhibition.
Results
The results of microbial susceptibility to Satureja essential oil showed that the highest diameter of 30 mm growth inhibition zone was related to the effect of Satureja essential oil at a concentration of 1 g/mL on the growth of Streptococcus sanguis and Eikenella corrodens. The lowest diameter of 9 mm growth inhibition zone was due to the effect of essential oil of 0.1 g/mL on the growth of Eikenella corrodens. Table 1 presents the results of the evaluation of the median inhibitory concentration and median lethal concentration of the essential oil of the Satureja on the studied bacteria.
The median growth inhibitory concentration and the median growth inhibitory concentration were presented in μg/mL. The results of the microplate dilution test showed that the studied bacteria at higher concentrations of 1.562 mg/mL of Satureja essential oil lost their growth ability but still retain their growth potential at lower concentrations of 0.195 mg/ mL of this essential oil.
The results of the biofilm inhibition test showed that the studied bacteria did not form biofilms at concentrations higher than or equal to 12.5 mg/mL, but the biofilms were formed at concentrations below 0.39 mg/mL.
Discussion
The present study was carried out to investigate the antibacterial activity of the essential oil of Satureja by disk diffusion and microplate dilution methods. The microplate technique was also used to examine the effect of essential oil on biofilm formation. The results of the disk diffusion method, considering the size of the bacterial growth inhibition zone, showed that pure Satureja essential oil (1 g/mL) had a strong antimicrobial activity compared to essential oil at 0.1 g/mL.
By examining the results of the microplate dilution test, the median concentration of essential oil that could inhibit bacterial growth was 1.562 mg/mL for three bacteria of Enterococcus faecalis, Streptococcus sanguis, and Actinomyces viscose. However, this concentration was 0.39 mg/mL for Eikenella corrodens. These results show that Satureja essential oil has a better inhibitory effect on the growth of Eikenella corrodens than Enterococcus faecalis, Streptococcus sanguis, and Actinomyces viscose. Overall, the results of this study showed that the essential oil of Satureja has antibacterial activity and can inhibit the growth of a group of periopathogens, including Enterococcus faecalis, Streptococcus sanguis, Eikenella corrodens, and Actinomyces viscose. It can also inhibit the growth of the mentioned bacteria at a concentration of 1.562 mg/mL and more Satureja essential oil. It also has an inhibitory effect on the biofilm formation of the mentioned bacteria so that at concentrations of 12.5 mg/mL and higher of Satureja essential oil, none of the studied bacteria was able to form a biofilm. Therefore, Satureja, as a natural and effective antibacterial, can have a potential role in reducing the probability of incidence and severity of periodontal diseases.
Ethical Considerations

Compliance with ethical guidelines
The Ethics Committee of the Arak University of Medical Sciences approved this study (Code: IR.ARAKMU. REC.1397.67). 
‫مسئول:‬ ‫نویسنده‬
